Introduction {#s1}
============

Overweight and obesity represent a major global health challenge, affecting ∼40% of adults worldwide ([@B1]). Although the obesity epidemic is thought to be due mainly to environmental changes that favor a positive energy balance and weight gain, substantial evidence from twin studies supports high heritability and a strong genetic basis for individual predisposition to obesity. Increasing data suggest that the genetic influence on obesity may vary according to age ([@B2]). A recent systematic review of twin studies showed that the heritability estimates of BMI increased steadily from childhood until ∼20 years old, at which point it reached its peak ([@B3]). However, this age-dependent pattern is identified based on only a few studies that collected BMI data only in early to middle adulthood.

In contrast, several studies have examined the effects of common genetic variants on BMI profiles at different life periods. However, these studies are limited by cross-sectional design ([@B4]--[@B7]) and inclusion of only a few adult BMI-associated single nucleotide polymorphisms (SNPs) ([@B7]--[@B10]). For studies using a longitudinal design with repeated measures of BMI, many have focused on childhood and adolescence, with findings indicating an influence of BMI-associated loci on accelerating childhood weight gain ([@B11]--[@B17]). In contrast, little is known about the genetic influences on BMI trajectory in middle and late adulthood ([@B18]--[@B21]). Most of the existing studies are limited by the small number of assessed SNPs ([@B7],[@B8],[@B22]) and BMI assessments at only two time points ([@B7],[@B22]--[@B25]). Given that BMI tracking weakens from childhood to late adulthood ([@B26]) and most weight gain occurs in middle adulthood, possibly through gene-by-environment interaction ([@B27]), a better understanding about the genetics that underlie the trajectory of adiposity throughout the entire adult life will provide critical insights into the origins of the obesity epidemic and help identify the optimal time window for effective interventions to modify genetic risk ([@B28]).

Therefore, we performed a longitudinal analysis for the aggregate effect of individual obesity-associated variants on BMI profiles from early to late adult life. We created a genetic risk score (GRS) using the 97 SNPs associated with adult BMI in the recent genome-wide association study (GWAS) meta-analyses ([Supplementary Table 1](http://diabetes.diabetesjournals.org/lookup/suppl/doi:10.2337/db17-1156/-/DC1)) ([@B29]). We associated the GRS with BMI level and BMI change throughout adulthood among participants from two large ongoing cohort studies in the U.S., the Nurses' Health Study (NHS) and the Health Professionals Follow-Up Study (HPFS).

Research Design and Methods {#s2}
===========================

Study Population {#s3}
----------------

The NHS enrolled 121,700 female registered nurses aged 30--55 years in 1976, and the HPFS enrolled 51,529 male professionals aged 40--75 years in 1986. In both cohorts, follow-up questionnaires were mailed to participants biennially to collect updated information about their physical characteristics, lifestyle, and medical information. Between 1989 and 1990, 32,826 women from the NHS and between 1993 and 1995, 18,225 men from the HPFS returned a blood specimen on ice packs by overnight courier. For the current study, we used data from 9,980 initially healthy women and 6,406 initially healthy men of European ancestry who had been genotyped in previous nested case-control GWASs for various outcomes, including colorectal cancer, gout, kidney stone, type 2 diabetes, glaucoma, coronary heart disease, percent mammographic density (NHS only), endometrial cancer (NHS only), breast cancer (NHS only), and prostate cancer (HPFS only). After excluding 9 women and 1 man who did not report their BMI at any age, a total of 9,971 women and 6,405 men were included in the final analysis. The study protocol was approved by the institutional review boards of Brigham and Women's Hospital and Harvard T.H. Chan School of Public Health.

BMI Assessment {#s4}
--------------

In both cohorts, participants reported their height at baseline enrollment and reported their body weight in biennial questionnaires. Women in the NHS recalled their weight at 18 years of age in 1980, and men in the HPFS recalled weight at 21 years of age in 1986. Based on these data, we calculated BMI as weight in kilograms divided by the square of height in meters at 18 or 21 years and from 45 to 85 years of age in a 5-year interval. To minimize random variation, we used the average BMI within 2 years for each of the ages since 45 years of age. We also calculated BMI at menopause in women using the weight information reported on the questionnaire when participants had undergone menopause.

Self-reported weight has shown excellent accuracy in pervious validation studies of 140 women and 123 men drawn from the two cohorts ([@B30]). The correlation coefficient was 0.97 between self-reported weight and the average of two weight measurements taken by technicians ∼6 months apart. Recalled weight at 18 years of age has also been validated in the NHS II cohort, with a correlation coefficient of 0.87 with weight recorded on college or nursing school records at 18 years of age ([@B31]). Although not validated in the HPFS, recalled weight during early adulthood in men has also been shown to be accurate (*r* = 0.80) in other studies ([@B32]).

Genotyping and Computation of GRS {#s5}
---------------------------------

Details about genotyping and imputation of SNPs included in the GRS have been described elsewhere ([@B33]). All of the 97 SNPs were genotyped or had a high imputation quality score (*r*^2^ ≥ 0.8), as assessed by the MACH software (version 1.0.16; Center for Statistical Genetics, University of Michigan). The GRS was created using an established weighting method. Each of the 97 SNPs was recoded as 0, 1, or 2 according to the number of risk alleles (BMI increasing alleles) and weighted by its relative effect size (β coefficient) derived from the most recent meta-analysis of GWAS ([@B29]). The GRS was calculated using the equation: , where *β~i~* is the effect size of the *SNP~i~* on BMI. Each unit of the GRS represented one risk allele, and the GRS could range from 0 to 194, with a higher score indicating greater genetic predisposition to obesity.

In a sensitivity analysis, we created an alternative GRS based on the SNPs that have been associated with BMI in adolescents and young adults in a previous GWAS ([@B5]). Because none of these 8 SNPs was included in our 97-SNP pool, we first identified proxy SNPs using the LDlink online tool ([@B34]) and successfully found proxies for 6 of the 8 SNPs with D' \>0.80 ([Supplementary Table 2](http://diabetes.diabetesjournals.org/lookup/suppl/doi:10.2337/db17-1156/-/DC1)). We then used these six SNPs to create a GRS for early-life BMI weighted by the effect size derived from the GWAS.

Statistical Analysis {#s6}
--------------------

To assess potential sex difference, all of the statistical analyses were first performed in each cohort separately, and *P* for GRS-sex interaction was then calculated in the pooled cohorts by including a product term between GRS and sex in the model. Because not all participants had BMI measurements at each age, to control for the influence of birth cohort when assessing the gene-by-age effects, we adjusted BMI at each age for year of birth using linear regression. To facilitate interpretation, we added to the regression residuals a constant, the predicted mean BMI for the median birth of year in the study population. We used these adjusted BMIs throughout our analysis.

We examined the association of GRS with BMI at each age using linear regression. Longitudinal effects of GRS on BMI were examined by a linear mixed-effects model with age as a covariate. To accommodate any potential nonlinear relationship between age and BMI, we also included a quadratic term of age in the model. A random effect of age was also included to account for repeated measures of BMI at different ages. To evaluate the modifications of genetic effects by age, we calculated the *P* for GRS-age interaction via a likelihood ratio test by comparing the models with and without the product terms between age and quadratic age and GRS (degree of freedom = 2).

Given the potential influence of menopause on body weight ([@B35]), we also examined the associations of GRS with adulthood BMI according to age at menopause in women (\<45, 45--49, 50--54, and ≥55 years) and tested the interaction between GRS and age at menopause via the *F* test.

We calculated BMI change during three life periods: *1*) early adulthood (from 18 or 21 to 45 years of age); *2*) middle adulthood (from 45 to 65 years of age); and *3*) late adulthood (from 65 to 80 years of age). In women, we also studied BMI change from 18 years to menopause and from menopause to 65 years of age. We examined the effects of GRS on BMI change in different life periods using linear regression models. To assess whether the genetic effects on weight change vary by baseline adiposity, we further stratified by BMI at the starting age of each period (\<22.5, 22.5--24.9, and ≥25.0 kg/m^2^). In addition to BMI of 25.0 kg/m^2^, which is a generally accepted cutoff for overweight, we used 22.5 kg/m^2^ to identify the lean group. This cutoff, albeit somewhat arbitrary, was chosen to ensure that each BMI stratum had a reasonable sample size for the stratified analysis. We also calculated the *P* for GRS-baseline BMI interaction using the Wald test for the product term between GRS and the starting BMI for each age period (continuous).

To account for multiple testing, we corrected the statistical significance level to α = 0.05/45 = 0.001 by the Bonferroni correction for the 45 hypothesis tests, including the main associations of GRS with BMI at 10 different ages in each sex and the interactions with sex (10 × 3 = 30), the main associations of GRS with BMI change in three different life periods in each sex and the interactions with sex (3 × 3 = 9), and the interactions between GRS and baseline BMI for BMI change in three different life periods in each sex (3 × 2 = 6). We recognized the use of multiple comparisons and interpreted our data cautiously. SAS 9.4 was used for all analyses (SAS Institute Inc., Cary, NC). All statistical tests were two-sided with the corrected type I error rate of α = 0.001.

Results {#s7}
=======

[Table 1](#T1){ref-type="table"} shows the basic characteristics of study participants. For both women and men, the mean GRS was 88, and the median year of birth was 1931. The mean BMI increased from early adulthood, peaked at 65 years of age, and then started declining thereafter. Similar BMI measurements were observed between our study participants and the overall cohorts ([Supplementary Table 3](http://diabetes.diabetesjournals.org/lookup/suppl/doi:10.2337/db17-1156/-/DC1)), indicating the representativeness of our study sample.

###### 

Descriptive statistics of GRS and BMI at different ages in participants from the NHS (women) and HPFS (men)

  Variable                                      Women   Men                         
  --------------------------------------------- ------- ------------------- ------- -------------------
  GRS                                           9,971   88 (6)              6,405   88 (6)
  Year of birth, median (interquartile range)   9,971   1931 (1926--1937)   6,405   1931 (1924--1938)
  BMI at different ages (years), kg/m^2^                                            
   18 for women, 21 for men                     9,490   21.5 (3.0)          6,190   23.1 (2.8)
   45                                           6,249   24.5 (4.9)          1,733   25.5 (3.5)
   50                                           8,800   25.5 (5.0)          2,595   25.6 (3.6)
   55                                           9,799   26.2 (5.1)          3,778   26.0 (3.7)
   60                                           9,699   26.8 (5.4)          4,901   26.3 (3.6)
   65                                           9,232   27.1 (5.4)          5,789   26.5 (3.7)
   70                                           7,667   26.6 (5.2)          4,773   26.3 (3.7)
   75                                           5,506   26.1 (5.1)          4,126   26.0 (3.6)
   80                                           3,023   25.2 (4.8)          2,417   25.4 (3.4)
   85                                           891     24.3 (4.5)          1,331   24.6 (3.3)

[Figure 1](#F1){ref-type="fig"} presents the associations of GRS with BMI at each age (detailed data are reported in [Supplementary Table 4](http://diabetes.diabetesjournals.org/lookup/suppl/doi:10.2337/db17-1156/-/DC1)). GRS was positively associated with BMI across all ages, and the associations were stronger in women than in men (*P* for GRS-sex interaction ranged from \<0.0001 to 0.15). In women, the mean BMI difference (β) per 10-allele increment in the GRS increased from 0.76 kg/m^2^ (95% CI 0.66--0.85) at 18 years of age to 1.30 kg/m^2^ (95% CI, 1.11--1.49) at 45 years of age and remained largely stable until 60 years of age (β = 1.35 kg/m^2^; 95% CI 1.18--1.52), after which the association decreased and reached the lowest at 85 years of age (β = 0.86 kg/m^2^; 95% CI 0.38--1.33). When stratified by age at menopause ([Supplementary Table 5](http://diabetes.diabetesjournals.org/lookup/suppl/doi:10.2337/db17-1156/-/DC1)), we found that the GRS-BMI relationship tended to peak earlier for women who had an early menopause. For example, for women who had menopause at \<45 years of age, the strongest association between GRS and BMI occurred at 45 years old (β = 1.39 kg/m^2^; 95% CI 0.79--1.99), whereas for those who had menopause at \>55 years old, the strongest association occurred at 70 years of age (β = 1.19 kg/m^2^; 95% CI 0.51--1.87).

![Relationship of GRS with BMI at different ages in women and men (detailed data are presented in [Supplementary Table 4](http://diabetes.diabetesjournals.org/lookup/suppl/doi:10.2337/db17-1156/-/DC1)).](db171156f1){#F1}

In men, the mean increase in BMI associated with 10-allele increment in the GRS was 0.57 kg/m^2^ (95% CI 0.46--0.68) at 21 years old, increased to its peak at 45 years of age (β = 0.91 kg/m^2^; 95% CI 0.65--1.16), and then gradually decreased to its lowest at 85 years of age (β = 0.48 kg/m^2^; 95% CI 0.20--0.76). Using the linear mixed-effects model, we found a statistically significant interaction between age and GRS in relation to the longitudinal BMI profile (*P* for GRS-age interaction \<0.001 for both men and women).

[Table 2](#T2){ref-type="table"} presents the relationship of GRS with BMI change at different periods of adulthood, as assessed by the mean BMI change per 10-allele increment in the GRS (Δ). In women, higher GRS was positively associated with BMI gain from 18 to 45 years and from 18 years of age to menopause, with the Δ of 0.54 kg/m^2^ (95% CI 0.38--0.71; *P* \< 0.001) and 0.60 kg/m^2^ (95% CI 0.42--0.77; *P* \< 0.001), respectively. The positive association with BMI gain from 45 years or menopause to 65 years of age was much weaker, with the Δ of 0.17 kg/m^2^ (95% CI 0.03--0.31; *P* = 0.02) and 0.07 kg/m^2^ (95% CI −0.04 to 0.19; *P* = 0.21), respectively. In contrast, GRS was nonsignificantly associated with more BMI loss in late adulthood, with the Δ of −0.22 kg/m^2^ (95% CI −0.39 to −0.05; *P* = 0.01) from 65 to 80 years of age. To examine whether this inverse association was a consequence of an elevated risk of obesity-related morbidity due to weight gain in middle age, we performed a sensitivity analysis by excluding individuals who were diagnosed with cancer, diabetes, or cardiovascular disease (including coronary heart disease, stroke, and coronary artery bypass grafting) before 80 years old. The results remained essentially unchanged (Δ = −0.21 kg/m^2^; 95% CI, −0.39 to −0.03; *P* = 0.02).

###### 

Relationship of GRS with BMI change at different age periods

  Age period (years) for BMI change   *n*     Mean BMI change (SD), kg/m^2^   Mean BMI change per 10 alleles, Δ (95% CI), kg/m^2^   *P* for main effect of GRS   *P* for GRS-sex interaction[\*](#t2n1){ref-type="table-fn"}
  ----------------------------------- ------- ------------------------------- ----------------------------------------------------- ---------------------------- -------------------------------------------------------------
  Women                                                                                                                                                          
   From 18 to 45                      5,956   3.0 (4.1)                       0.54 (0.38--0.71)                                     \<0.001                      0.06
   From 45 to 65                      5,640   2.7 (3.4)                       0.17 (0.03--0.31)                                     0.02                         0.06
   From 65 to 80                      2,942   −0.9 (3.0)                      −0.22 (−0.39 to −0.05)                                0.01                         0.09
   From 18 to menopause               6,705   4.2 (4.5)                       0.60 (0.42--0.77)                                     \<0.001                      
   From menopause to 65               6,436   1.5 (3.0)                       0.07 (−0.04 to 0.19)                                  0.21                         
  Men                                                                                                                                                            
   From 21 to 45                      1,699   2.5 (2.8)                       0.23 (0.02--0.44)                                     0.03                         
   From 45 to 65                      1,634   1.0 (2.5)                       −0.10 (−0.29 to 0.09)                                 0.30                         
   From 65 to 80                      2,020   −0.3 (2.1)                      −0.01 (−0.16 to 0.14)                                 0.90                         

\**P* value was calculated for the product term between sex and GRS (continuous).

We did not find any statistically significant association between GRS and weight change in men. Despite the difference between sexes, the interaction test for sex did not achieve statistical significance for any of the BMI changes (*P* for GRS-sex interaction \>0.05).

In the sensitivity analysis, we examined the alternative GRS that included six SNPs associated with early-life BMI. We found that this GRS was similarly associated with adulthood BMI and BMI change as the primary GRS ([Supplementary Table 6](http://diabetes.diabetesjournals.org/lookup/suppl/doi:10.2337/db17-1156/-/DC1)).

[Figure 2](#F2){ref-type="fig"} shows the stratified associations of GRS with BMI change according to baseline BMI for each life period. GRS conferred a much stronger impact on early adulthood weight gain among men with a BMI of at least 25 kg/m^2^ at 21 years of age than those with a BMI of \<22.5 kg/m^2^ (Δ = 0.71 vs. 0.14 kg/m^2^; *P* for GRS-baseline BMI interaction \<0.001). In contrast, an opposite interaction pattern was observed for BMI change during middle adulthood (*P* for GRS-baseline BMI interaction \<0.001 for both sexes). GRS was associated with BMI gain for individuals with a BMI of \<22.5 kg/m^2^ at 45 years old (Δ = 0.22 kg/m^2^ in women and 0.49 kg/m^2^ in men), but associated with BMI loss for those who were already overweight at that age (Δ = −0.20 kg/m^2^ in women and −0.40 kg/m^2^ in men). No statistically significant interaction was found between GRS and BMI at 65 years of age for BMI change in late adulthood.

![Relationship of GRS with BMI change at different age periods according to categories of BMI (\<22.5, 22.5--24.9, and ≥25 kg/m^2^) at the starting age of each period in women (*A*--*C*) and men (*D*--*F*). *P* for interaction was calculated using Wald test for the product term between GRS and the starting BMI for each age period (continuous).](db171156f2){#F2}

Discussion {#s8}
==========

To our knowledge, this is the largest longitudinal study to comprehensively examine the effects of genetic obesity variants on adiposity throughout adulthood. We found that the association of GRS with BMI did not peak until middle adulthood (∼45 years in men and 60 years of age in women) and then started declining with aging. The associations appeared to be stronger across all ages in women than in men. We also studied how genetic risk may influence BMI change at different periods of adulthood. Although GRS was positively associated with weight gain in early adulthood in women, no statistically significant association was found in men. These findings provide critical insights into how established genetic risk variants for adult BMI affect changes in weight across adult ages.

Limited data suggest a persistent impact of genetic susceptibility on longitudinal profiles of BMI in adulthood. In the Fels Longitudinal Study, the GRS based on 32 adult BMI-related SNPs showed a positive association with BMI at 19, 23, 30, and 40 years of age ([@B36]). In line with our data, they also found that the positive association tended to increase over ages, although formal testing for gene-by-age interactions did not achieve statistical significance. In another study of two cohorts, the 32-SNP--based GRS was associated with higher mean BMI and a steeper increase in BMI until 65 years of age ([@B21]). Moreover, in a recent study, we examined the relationship of GRS with the trajectory groups of adiposity that were identified on the basis of body fatness status from 5 up to 65 years of age ([@B37]). We found that individuals carrying more genetic obesity variants were more likely to maintain a heavy body shape in early life and gain weight during young and middle adulthood. These findings agree with our current study and collectively support a predictive relationship of GRS with accelerated increases in BMI throughout the midlife period. This may not be surprising because most studies included in the GWAS for derivation of the GRS were conducted in subjects aged 45--65 years. However, our sensitivity analysis using the alternative GRS for early-life BMI showed similar associations as the primary GRS, supporting the robustness of our primary findings of a persistent effect of genetic susceptibility on BMI trajectory across early to middle adulthood.

Some studies have reported contrary findings, including two based on the British National Survey of Health and Development (NSHD), which included ∼2,500 participants with repeated measurements of BMI from 2 to 53 years of age ([@B8],[@B12]). The associations with BMI for either major individual genetic variants ([@B8]) or composite GRS ([@B12]) strengthened during childhood and adolescence, peaked at 20 years of age, and subsequently weakened during middle adulthood. These observations differ from our findings in that we observed that the association of GRS with BMI did not peak until middle adulthood. Such discrepancy may be, at least partly, due to the birth cohort and period effects. Compared with our study participants who were mostly born in the U.S. between 1925 and 1940, the NSHD participants were all born in 1946. Given the recent data suggesting that the association of GRS with adult BMI is modified by the timing of exposure to an obesogenic environment ([@B38]), it is possible that later entry into the time period associated with the obesity epidemic in our participants led to an extended penetrance of the genetic influence into middle adulthood, resulting in the achievement of the peak for the GRS-BMI association at an older age than what was observed in the NSHD cohort. Moreover, the NSHD cohort experienced postwar food rationing from birth to age 8 years, which may have contributed to stronger genetic effects on childhood versus later weight gain ([@B12]).

Moreover, we noted a sex difference in the GRS-BMI relationship, with a stronger association observed in women than in men across all ages. Although some ([@B39]--[@B41]) but not all ([@B3]) twin studies have reported greater heritability of adult BMI in women than in men, most studies of common genetic variants did not provide sex-specific estimates for the associations with BMI. One possible explanation for our observed sex difference may be related to greater variation in BMI among women than men in all adult ages, particularly in middle adulthood ([Table 1](#T1){ref-type="table"}), when the GRS-BMI association also showed the largest sex difference. It is also possible that different sets of genes may influence adult BMI in men and women, and the extent of differences in the genes influencing BMI for men and women is more pronounced from early adulthood (20--29 years) to late middle age (60--69 years), as indicated by a recent twin study ([@B42]). In addition, considering the potential influence of menopause on body weight and composition, menopause may represent a time point at which the genetic impact on BMI in women may differ. Indeed, we found that GRS was associated with BMI gain from early adulthood to menopause but not after menopause, and the GRS-BMI relationship tended to peak earlier for women who had early menopause, suggesting that the potential influence of genetic susceptibility on BMI weakens after menopause. Given the well-known male--female differences associated with multiple aspects of adiposity and body composition, such as fat distribution, deposition, and accumulation ([@B43]), further studies are needed to identify potential biological mechanisms for the sex difference in the genetic origin of obesity.

In addition to BMI, we also examined BMI change at different life periods. Consistent with the well-known role of early-life weight gain in middle adulthood obesity and our observation that the magnitude of the GRS-BMI association increased up to middle life, we found a predominant effect of genetic susceptibility on promoting weight gain from early to middle adulthood. Existing data about the genetic influence on longitudinal change in adiposity measures are very limited. Although twin studies reported a moderate-to-high genetic contribution to rate of change in adulthood BMI (heritability ∼60%) ([@B44],[@B45]), a few studies using either *FTO* variants ([@B7],[@B22]) or GRS ([@B25]) did not find any association with body weight or BMI change over 5--10 years during adulthood. However, because participants in these studies were already at their middle adulthood (average 45--60 years of age), these null findings are not incompatible with our findings that GRS was only modestly associated with BMI change in middle adulthood (from 45 to 65 years of age) in women.

Interestingly, we observed that the association of GRS with BMI change varied by baseline BMI, with different interaction patterns identified for early versus middle adulthood. Genetically conferred weight gain in early adulthood was more evident among individuals who were heavy at ∼20 years of age, whereas genetically determined weight gain in middle adulthood was more evident among those who were lean at 45 years old. These divergent interactions may indicate distinct pathways for weight gain at different adult ages. Give that the pro-obesity effect of genetic predisposition may not reach its peak until middle adulthood, individuals who are heavy at 20 years of age probably remain at high genetic risk of gaining more weight. In contrast, environmental factors may exert a greater effect on body weight variation in middle adulthood, which can dilute the influence of genetics. Therefore, genetic susceptibility for weight gain may be more evident among individuals who remain lean at 45 years of age through possible interactions with the obesogenic environmental exposures in middle adulthood ([@B20]).

Furthermore, in contrast to the strong effect of GRS on weight gain in early adulthood, we found that a higher number of BMI-increasing risk alleles were associated with more weight loss in late adulthood in women, although the statistical test was nonsignificant at the stringent α = 0.001 level. Similar paradoxical observation has been reported in another study ([@B19]). These findings suggest that the negative effects of weight gain before middle age may lead to increased age-related weight loss among individuals with high genetic susceptibility for obesity. However, the underlying mechanisms remain unclear. Our sensitivity analysis suggests that higher obesity-related morbidity is unlikely to explain the association of GRS with increasing weight loss in elderly women. Other aging-related factors, such as accelerated loss of muscle mass, should to be investigated in further studies.

The strengths of our study include the large sample size, use of the GRS encompassing all known common genetic variants associated with adult BMI, and longitudinal assessments of BMI for ∼60 years, which allow us to associate GRS with both BMI level and BMI change across the entire adulthood. The major limitation of our study is that not all participants had provided BMI data at each of the studied ages, and therefore, the age-specific analysis may include different subsets of individuals. However, because our study participants were born within a narrow window of time and we further adjusted all BMI measurements for year of birth, the influence of birth cohort or period effects was minimized. Another limitation is that body weight data were self-reported and subject to measurement error. However, the influence of such error is unlikely to be substantial because the self-reported weight data have been shown highly accurate in our previous validation studies.

In conclusion, our study indicates that the GRS comprising 97 BMI-associated SNPs is associated with BMI at all adult ages, with the magnitude of the association being stronger in women than in men and achieving its peak in middle adulthood. Genetic risk alleles may also increase early adulthood weight gain in women. These findings extend our knowledge about the genetic contributions to adulthood adiposity. Further studies are needed to elucidate the mechanisms for the age-dependent genetic effects on BMI and potential sex differences, as well as to understand how environmental factors may modify the genetic effects on BMI trajectory throughout adulthood to better control the obesity epidemic.

Supplementary Material
======================

###### Supplementary Tables

This article contains Supplementary Data online at <http://diabetes.diabetesjournals.org/lookup/suppl/doi:10.2337/db17-1156/-/DC1>.
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